Introduction. We aimed to test the reproducibility of head-perineum distance (HPD) measurements using two different ultrasound devices and five examiners, to compare ultrasound measurements and clinical assessments and to study if ultrasound examinations were acceptable for women in labor. Material and methods. A reproducibility study was performed at Lund University Hospital, Sweden and Landspitali University Hospital, Iceland from February 2015 to February 2017. The study population comprised 40 healthy women in labor. HPD was measured with three replicate measurements from each woman with two different ultrasound devices, and the measurements were compared with clinical assessments. Acceptability was tested with a visual analog scale (VAS), and the mean VAS score from both ultrasound devices was compared with the VAS score from clinical palpation. Results. The median time interval between start of examinations with devices was 10 min (range 1-26 min). The intra-observer repeatability coefficient was 4.3 mm and the intraclass correlation coefficient was 0.97 (95% CI 0.95-0.98). The intraclass correlation coefficient between the two devices was 0.86 (95% CI 0.74-0.93) and limits of agreement were À9.6 mm to 16.6 mm. However, we observed a significant mean HPD difference between devices (3.5 mm; 95% CI 1.4-5.6 mm). Clinical assessments and the mean measurements of HPD were correlated (r = 0.64, p < 0.01). We found significant differences in acceptability in favor of ultrasound. The mean VAS score for both ultrasound devices was 2.0 vs. 4.1 for clinical examination (p < 0.01). Conclusion. We found excellent intra-observer repeatability, good correlation but significant difference between devices. Women reported less discomfort with ultrasound than with clinical examinations.
Introduction
Repeated clinical vaginal examinations are established as standard care in surveillance of labor progress (1) , but clinical evaluation of fetal head position and station are inaccurate and poorly reproducible (2, 3) . As examination can cause discomfort, unnecessary examinations should be avoided (4) .
Transperineal ultrasound can improve the accuracy of assessing fetal head station in the birth canal, and different sonographic measurements have been proposed; progression distance (5) , angle of progression (6) , headperineum distance (HPD) (7, 8) and intrapartum transperineal ultrasound head station (9) .
Ultrasound measurements can predict delivery mode and success of vacuum extractions in nulliparous women (10) (11) (12) , and ultrasound has the potential to become an important tool for clinicians during decision making (13) . As ultrasound experts will not be available on call 24/7, ultrasound examinations must be easy to perform, applicable and acceptable to all women.
Reproducibility of measurements depends on the equipment and the experience of the examiners. Reproducibility studies can be done offline on stored acquisitions (14, 15) , but these studies seldom reflect every day clinical practice. Hence, reproducibility studies in clinical practice are warranted. In the present study, we wanted to test the reproducibility of HPD measurements performed by five examiners using two different ultrasound devices, reflecting everyday clinical practice. We also wanted to compare ultrasound measurements with clinical examinations and to study if ultrasound examinations were acceptable for women in labor.
Material and methods
Forty-four healthy women in labor underwent transperineal ultrasound examination of HPD. They had been admitted to the labor ward with regular contractions and were in the latent or active phase of labor. Scans were performed by five examiners using two different ultrasound devices in Lund University Hospital in Sweden and Landspitali University Hospital in Reykjavik, Iceland from February 2015 to February 2017. Two examiners were obstetricians with long ultrasound experience, but the three other examiners (two midwives and one junior doctor) had limited ultrasound experience. The two midwives had performed around 50 HPD measurements before they participated in the study, but the junior doctor had only done 10. The first author supervised all the other examiners before the start of the study. The ultrasound devices were Voluson i (GE Medical Systems, Zipf, Austria) with a 3.5-to 7.5-MHz 3D curved multifrequency transabdominal transducer and Philips VISIQ ultrasound system (Philips, Amsterdam, the Netherlands) with a C5-2 broadband curved array transducer -lightweight USB connector. The length of the Voluson i transducer was 70 mm and the width 45 mm. The Philips VISIQ device has a transducer directly plugged into a tablet. The length of this transducer was 62 mm and the width 17 mm. The longitudinal curvature of the two transducers was similar. The Philips VISIQ device was found to be suitable for this study because it is small and easy to transport between labor rooms. The same devices (Voluson i and Philips VISIQ) were used in Sweden and Iceland. The order of the use of ultrasound devices (first or last device) was randomly distributed.
Women were placed in a semi-recumbent position with the legs flexed at the hips and knees. HPD was measured in the axial plane (a transverse transperineal scan) as the shortest distance from the outer bony limit of the fetal skull to perineum as illustrated in Figures 1 and 2 . The transducer was covered with a glove and placed in the posterior fourchette between the labia majora, and the soft tissue compressed completely against the pubic bones. The transducer was angled until the skull contour was seen as clearly as possible, indicating that the ultrasound beam was perpendicular to the fetal skull. The shortest distance possible to obtain between the transducer (perineum) and the fetal skull was measured. This distance represented the remaining part of the birth canal for the fetus to pass.
Measurements of HPD were performed between contractions online in two dimensions in the labor room, and women with fetuses in all fetal head positions were included. The first ultrasound examiner performed three acquisitions with one ultrasound device and the transducer was removed from the woman between the acquisitions. Thereafter another examiner followed the same procedure with another ultrasound device. In all, six ultrasound acquisitions were recorded in each woman. In addition, the midwife in charge of the delivery performed a clinical palpation. The investigators were not present during each other's examinations and were blinded to each other's results. The women reported pain perceived during ultrasound examinations and clinical examinations through a visual analog scale (VAS) score with zero as lowest possible pain and 10 as the highest possible pain (16, 17) .
Statistical analyses
Intra-observer repeatability was expressed as the difference between the highest and lowest measurement value obtained. The pooled calculations were based on both ultrasound devices and all examiners. Intra-observer repeatability was expressed as the intraclass correlation coefficient (ICC). In addition, the repeatability coefficient
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was calculated as the range within which two measurements by the same observer will fall for 95% of subjects. Analysis of variance for repeated measurements was used to determine whether there was any systematic difference between the first, second and third measurements of each observer.
In all calculations used for determining inter-device agreement, the mean of the three measurements from each device was used. To assess systematic bias between the two devices, and to assess the relation between the difference and magnitude between the measured values, the differences between the measurements were plotted against the means of the measurements in a Bland-Altman plot. A possible systematic difference between the two devices was assessed by evaluating the 95% CI for the mean difference. If zero was inside this interval, no bias was assumed to exist. Limits of agreement with 95% CI were calculated as described by Bland and Altman (18) . Inter-device agreement was also expressed as the ICC. The correlation between ultrasound measurements and clinical assessments was analyzed using linear regression. The comparison of VAS scores was analyzed using paired t-test. All data were analyzed with the statistical software package IBM SPSS statistics version 24.0 (IMB Corp, Armonk, NY, USA).
Ethical approval
The local ethics committees approved the study with reference numbers 2014/180 in Sweden and VSN-15-216 in Iceland. All women signed written informed consent.
Results
Four sets of examinations were excluded because the time interval between examinations exceeded 30 min. The final study population comprised 40 women with mean maternal age 30 years and mean body mass index 26 kg/m 2 . In all, 28 (70%) nulliparous women and 19 (48%) women had epidural analgesia. The Voluson i device was used first in 23 women and Philips VISIQ was used first in 17 women. The median time interval between the start of examinations was 10 min (range from 1 to 26 min). Cervical dilatation was <4 cm in 10 women, 4-6 cm in 15 women, 7-9 cm in nine women and the cervix was fully dilated in six women.
Intra-observer variance did not vary in any systematic way over the range of values measured. Intra-observer repeatability of HPD is shown in Table 1 .
Combined inter-device and inter-observer agreement of HPD measurements is shown in Table 2 and the correlation is illustrated in Figures 3 and 4 . The ICC between the two devices was 0.86 (95% CI 0.74-0.93) and limits of agreement were À9.6 mm to 16.6 mm. However, we observed a significant mean HPD difference between devices (3.5 mm; 95% CI 1.4-5.6 mm). The differences between the two devices did not vary in any systematic way over the range of values measured (Figure 4) . The correlation between clinical assessments and the mean measurements of HPD is shown in Figure 5 (r = 0.64; p < 0.01).
The mean discomfort related to the examinations using the Voluson i device, Philips VISIQ device or clinical examinations were 1.6 (median 1.0), 2.4 (median 1.5) and 4.1 (median 4.0), respectively. We compared the mean VAS score from both ultrasound devices with VAS score from clinical palpation and found a significant difference in favor of ultrasound (p < 0.01).
Discussion
The intra-observer repeatability of HPD measurements was excellent (ICC = 0.97), the inter-device correlation was good (ICC = 0.86), with acceptable limits of agreement, but significant difference between devices was observed. The correlation between HPD measurements and clinical examinations was moderate (r = 0.64). Women reported less discomfort related to ultrasound examinations compared with clinical palpation.
Investigating measurement error, observer variation and agreement between different methods are important topics before new modalities are introduced into clinical practice (19) . ICC values >0.75 are considered acceptable (20, 21) , but ICCs depend on the variation in the population and are insufficient variables when investigating repeatability and agreement (21) . Bland and Altman have described methods for reproducibility studies (18) , and Valentin and Bergelin have investigated measurements of cervical length and width in accordance with the recommended principles (21) . Measurements of cervical length were introduced for surveillance of women with a high risk of preterm delivery; however, a substantial intra-and inter-observer variability has been observed even with experienced examiners under standardized conditions (21) . Clinicians should be aware of such variations, which probably exist in all imaging techniques.
Ultrasound has been introduced as a diagnostic tool in active labor and cervical dilatation (22, 23) , fetal lie, presentation (24), position (25) , and station and attitude (26) can be assessed. The reproducibility of head direction, midline angle, progression distance and angle of progression were investigated offline on stored threedimensional acquisitions by Ghi et al. Progression distance and angle of progression were the most reproducible methods with intra-observer ICCs of 0.84 and 0.93 and inter-observer ICCs of 0.89 and 0.90, respectively. Limits of agreement using progression distance was À17.5 mm to 6.9 mm and using progression angle À24.4 to 11.3 degrees (15) . We have studied the reproducibility of HPD measurements using a study design simulating daily clinical practice including several examiners and two different ultrasound devices. The intra-observer ICC was excellent (0.97) and better than results in the offline study by Ghi et al. The limits of agreement in our study were similar to the variation in progression distance measurements. Valentin and Bergelin found inter-observer ICC measuring cervical length to be 0.76 (21) . The inter-device ICC measuring HPD in our study cannot be directly Table 1 . Pooled intra-observer repeatability of head-perineum distance measurements (n = 80). compared with cervical length measurements, but it is interesting that our inter-device ICC is slightly better (0.86) even though both inter-device variation and interobserver variation influenced our results. The reproducibility of HPD in our new study is in accordance with previous studies (7, 27) , and we find the variation acceptable. In a recently published study, Kasbaoui et al. reported the inter-observer ICC measuring HPD (called perineum to skull ultrasound distance in their study) to be 0.96 with similar repeatability also in obese women (28) . The Philips VISIQ device has a transducer directly plugged into a tablet and is well suited for ultrasound use in labor rooms. We believe that small hand-held devices will be the future for obstetricians and midwives looking after women in both normal and obstructed labor. One major concern was that we observed a significantly shorter HPD using the VISIQ device compared with the Voluson i. The difference might be due to the different size of the transducers or to calibration of the devices. The VISIQ transducer was thinner than the Voluson transducer and may come closer to the fetal head when the soft tissue was compressed. The variation might also be influenced by the time interval between the measurements and the fact that Voluson i was used first in 23 of the 40 examinations. The examinations were performed during labor, and labor progression is expected between measurements. We observed a small tendency to shorter HPD from the first to the third measurement, but the difference was only 1 mm and was without clinical importance.
In one old study the reproducibility of clinical examination was found to be acceptable (29) , but the centimeter steps used in assessing fetal station from À5 to +5 are imprecise and should be replaced with more exact measurements. Low to moderate correlation between ultrasound measurements and clinical assessments of station are documented in previous studies (30, 31) . Dupuis et al. found that undiagnosed high station occurred in around 20% of cases (3) , and this mistake could be associated with high risk when considering an operative vaginal delivery. Unexperienced ultrasound users will probably overestimate high stations using HPD, because they may not compress the soft tissue completely or might not angle the transducer correctly. The ultrasound beam should be perpendicular to the fetal skull; that means that the skull contour should be visualized as clearly as possible ( Figure 2 ) and this will represent the shortest distance. Important benefits using ultrasound are that results can be recorded and stored.
Women tolerated transperineal ultrasound well in previous studies (11, 31, 32) . Chan et al. used a VAS score investigating Chinese women's preference of examination method and found the median pain score was zero after transperineal ultrasound and 4.5 after clinical examinations (33) , and our results correspond well to these findings even though none of the women in the Chinese study had epidural analgesia vs. 48% in our study.
A major strength of our study is that the design reflects clinical practice. Limitations are related to unequal distribution of which device was used first and to a small study population. The size of the study population is, however, in accordance with other reproducibility studies. In our study, two examiners using two different devices examined each woman. Hence, we do not know whether the observed variation is due to inter-device or interobserver variation. We think both factors can influence variation. The fetal head is moving in active labor, and the time interval between measurements can partly explain the observed variation. In a previous online study investigating inter-observer agreement of HPD we found slightly closer limits of agreement; À8.5 to 12.3 mm vs. À9.6 to 16.6 mm (7). In that study, agreement was investigated before start of labor and with shortest possible time interval between examinations. Results might also be influenced by the fact that three of the examiners had limited ultrasound experience and two of them performed few examinations.
In conclusion, we found excellent intra-observer repeatability. Good correlation, acceptable limits of agreement, but a significant difference between devices were found. The correlation between HPD and clinical assessments was moderate. Women reported less discomfort related to ultrasound examinations compared with clinical palpation. Ultrasound-measured HPD has the potential to improve the precision of fetal station assessment.
